Gold mineralization at Asimotrypes, Mount Pangeon, Greece, occurs within amphibolite facies rocks of the Southern Rhodope Core Complex, one of the largest metamorphic core complexes in the world. Exhumation of the complex resulted from middle Eocene to middle Miocene northeast-southwest-oriented extension in the northern Aegean and was controlled by the Kerdylion detachment zone. Host rocks are mylonitic, impure dolomite marbles of marine provenance (δ 13 C = 1.9 -2.9‰), which are intercalated with paramica schists, and amphibolites, and intruded by early Miocene syntectonic granitoids. In the Asimotrypes area, metamorphic rocks and granitoids exhibit flat mylonite-type ductile fabrics with consistent top-to-the-southwest sense of shear, as does the entire Complex.
Introduction
THE ASIMOTRYPES is an example of carbonate-hosted, submicroscopic gold mineralization, hosted by the Southern Rhodope Core Complex (Fig. 1) , a recently recognized globally important example of extensional exhumation of metamorphic core complex (Dinter and Royden, 1993; Sokoutis et al., 1993; Dinter, 1998; Brun and Sokoutis, 2007) . It is part of the Rhodope Massif and the Oligocene-Miocene Serbomacedonian-Rhodope magmatic and metallogenic belt. This belt is a classic area of gold mineralization and forms part of the Alpine-Balkan-Carpathian-Dinaride (ABCD) orogen and the great Tethyan-Eurasian metallogenic belt (Heinrich and Neubauer, 2002; Marchev et al., 2005) . Recent studies in the Rhodope region (Heinrich and Neubauer, 2002; Lips, 2002; Kaiser-Rohrmeier et al., 2004; Marchev et al., 2005; Rice et al., 2007; Marton et al., 2010) have revealed close genetic relationships between hydrothermal ore formation, regional geodynamic evolution, postorogenic extensional magmatism, and detachment-related core complex formation.
The Asimotrypes gold mineralization lies between 1,200 and 1,300 m in the northeastern part of Mount Pangeon (1,956 m), 40 km west-southwest of Kavala ( Fig. 1) , in northeastern Greece. Mount Pangeon constitutes one of the most prominent gold mining districts of antiquity (e.g., Sagui, 1930) . Numerous historical adits decorate Mount Pangeon (Sagui, 1930) , and the overall tonnage of historical slag heaps in the broader area around Asimotrypes was estimated to be on the order of tens of thousands of tonnes (Higgins and Higgins, 1996) . There is no total resource estimate for Asimotrypes. Exploration of the area for gold ore was carried out in 1977 by Bauxite Parnassus Mining Co. S.A. (today, S&B S.A.) with surface and adit investigations at the site of ancient workings (Fig. 2 ), but the area was abandoned as uneconomic. Two exploration adits of 109 m (3K-D) and 83 m (3K-H) lengths have been developed at the locations of ancient workings at Asimotrypes, at elevation ~1,250 m (Figs. 2, 3), providing good exposure to different styles of mineralization and host rocks within the gold mineralization system. This paper reports geological, geochemical, mineralogical, fluid inclusion, and O, H, C, and S isotope data from Asimotrypes mineralization bodies and host rocks. These data are discussed in the context of the most recent geodynamic and tectonic framework for the Rhodope and northern Aegean, as one of the most active and prominent present-day continental extensional settings in the world. The data are 752
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0361-0128/98/000/000-00 $6.00 752 shape of gold orebodies are controlled by interactive ductile-then-brittle deformation, fluid flow and fluid-marble interaction processes. High paleogeothermal gradients associated with extension may have driven the dominantly meteoric fluid circulation downward within the exhuming Complex. Asimotrypes may represent a potential new gold mineralization style for the Rhodope region.
that were trapped during host quartz formation. There is also a minor contribution from fluids trapped in secondary fluid inclusions.
Sulfide mineral separates were analyzed for their sulfur isotope composition relative to Canyon Diablo troilite (V-CDT), on a VG 602D isotope ratio mass spectrometer at the Centre des Recherches Petrographic et Geochimiques, Nancy, France, with a precision of better than ± 0.2 per mil. The mass spectrometer was calibrated periodically against the five standards of Monster and Rees (1975) .
Calcites from ore-hosting marbles were analyzed for their δ 18 O at the University of Utrecht, using XRD on powdered carbonate samples that had been characterized by the relative percentages of calcite, dolomite, and other carbonate types. Samples were reacted with 100 percent phosphoric acid at 25°C, according to the method of McCrea (1950) . Pure calcites, with less than 5 vol percent dolomite, were reacted overnight, and mixtures of calcite and dolomite were reacted for about 2 h, after which calcite CO2 was extracted. Oxygen isotopes are related to Vienna-Standard Mean Ocean Water (V-SMOW) and were measured with a precision of ± 0.2 per mil or better.
Quartz and muscovite mineral separates were analyzed for δ 18 O at the CSIRO Petroleum Resources Laboratory in Australia, following the method of Clayton and Mayeda (1963) , with a precision ±0.15 per mil. All oxygen isotopes are related to the V-SMOW.
D/H isotopic analyses of inclusion fluids from auriferous quartz were performed at the CSIRO Petroleum Resources Laboratory in Australia, following a modified method published by Bigeleisen et al. (1952) . The samples were heated to >800°C, using an RF generator furnace. H2 produced was converted to H2O by contact with CuO2 at 600°C. All water was collected cryogenically and stored in sealed 6-mm (outer diameter) borosilicate glass tubes. The water was released from the sealed tubes in a vacuum line and circulated using a pump through depleted uranium at 800°C to convert to H2. When conversion was complete, the H2 was pumped into the 754
0361-0128/98/000/000-00 $6.00 754 FIG. 3 . Generalized southwest-northeast geologic cross section (A-B in Fig. 2 ) through the Asimotrypes area, northeastern Mount Pangeon, highlighting the stratigraphic and structural controls on gold mineralization, and gold grade distribution (Au grade). Note that the highest gold grades are restricted to the Transitional unit at intersections of subhorizontal marble horizons of the Transition unit with crosscutting northwest-southeast high-angle brittle normal faults. The depicted geologic relationships suggest that crosscutting northwest-oriented brittle faulting was a significant gold mineralization control. The interpretation is based on surface geology (modified after Nitsopoulos, 1980) ; m.a.s.l. = meters above sea level. mass spectrometer via a stainless steel line and analyzed immediately with a precision better than ±4 per mil. Analyses are reported in per mil relative to the V-SMOW.
In order to distinguish the carbonate mineral phases of ferroan calcite, dolomite, and ferroan dolomite, samples were treated with a solution of alizarin red S and potassium ferricyanide dissolved in dilute hydrochloric acid (Hitzman, 1999) .
Regional Geologic and Metallogenic Framework
The high-grade crystalline Rhodope Massif constitutes a crustal-scale accretionary wedge of metamorphic stacked nappes that is part of the Alpine-Himalayan orogen in the northern Aegean region and includes parts of southern Bulgaria and northern Greece (e.g., Burg et al., 1996; Gautier et al., 1999) . It is composed of mainly Paleozoic continental material with intercalated metaophiolitic and metasedimentary rocks and is characterized by a complex evolution including nappe stacking and crustal thickening, followed by postorogenic extension in the northern Aegean area (Jolivet and Brun, 2008 , and references therein). Two main stacked units have been distinguished, the upper and lower, that are separated by the Nestos thrust fault ( Fig. 1) (Ricou et al., 1998; Turpaud and Reischmann, 2009) . The upper unit encompasses the Southern Rhodope Core Complex to the northeast and the north, and consists of orthogneisses, amphibolites, pelitic schists, and marbles. The orthogneisses correspond to plutonic protoliths of and Late Jurassic-Early Cretaceous (134-164 Ma) ages (Liati, 2005; Turpaud and Reischmann, 2009 , and references therein). The upper unit records high-pressure eclogite-granulite metamorphism dated at 140, 51, and 42 Ma (Liati, 2005) , and ultrahigh-pressure metamorphism dated at 184 Ma (Mposkos and Kostopoulos, 2001; Liati, 2005; Perraki et al., 2006) .
The present-day tectonic configuration of the Rhodope Massif is a result of Aegean-type postorogenic southwestnortheast extension and concurrent development of the Southern Rhodope Core Complex (see below) that constitutes essentially the lower unit (Dinter and Royden, 1993; Sokoutis et al., 1993; Bonev et al., 2006; Brun and Sokoutis, 2007) . Aegean extension is controlled by large-displacement, low-angle detachment faults in the back arc of the Hellenic subduction zone (Bonev and Beccaletto, 2007; Brun and Sokoutis, 2007; Taymaz et al., 2007) and shares many points of similarity with the Basin and Range province of the western United States (e.g., Dinter, 1998; Brun and Sokutis, 2007) . Extension in the northern Aegean started in the middle Eocene, driven by slab-rollback Brun and Faccenna, 2008) , and culminated in the development of the Southern Rhodope Core Complex; it is characterized by very high heat flow values of as much as 2.5 HFU (100 mW/m 2 ), and geothermal gradients (avg 78°C/km). The final extensional stages were tied to orogenic collapse and marked by block faulting, Pliocene sedimentary basin formation, and extensive Oligocene-Miocene volcanism and associated hydrothermal ore mineralization (Marchev et al., 2005) .
The Rhodope massif of northern Greece and southern Bulgaria hosts a range of metallic deposits: (1) carbonate replacement and skarn Pb-Zn(± Au ± Ag) mineralization (i.e., Madan and Thermes, Olympias, Madem Lakkos) (Kalogeropoulos et al., 1989 Nebel et al., 1991; Frei, 1995; Kilias et al., 1996; Kaiser-Rohrmeier et al., 2004; Marchev et al., 2005) ; (2) volcanic-hosted epithermal Pb-Zn-Cu(± Au-Ag) mineralization (i.e., Madjarovo); epithermal polymetallic (Ag, Te, Bi, Sn, Mo, base metals) and Au-Ag mineralization (i.e., Sappes, Perama Hill) (Shaw and Constantinides, 2001; Lescuyer et al., 2003; Voudouris et al., 2006; Rice et al., 2007) , and porphyry Cu-Mo mineralization (Maronia) (Melfos et al., 2002) ; (3) sedimentary rock-hosted epithermal Au-Ag deposits (Ada Tepe, Surnak, Kuklitza prospects, Rosino, Stremtsi) (Marchev et al., 2005; Marton et al., 2007; 2010) , and (4) nonsulfide Zn (Pb, Ag) ores (Thassos) (Boni and Large, 2003) (Fig. 1) .
The Southern Rhodope Core Complex
The Southern Rhodope Core Complex is the largest core complex in the Aegean region (Dinter and Royden, 1993; Sokoutis et al., 1993; Brun and Sokoutis, 2007) . There are currently two models for its formation-one proposing exhumation along the "Strymon Valley fault zone" (Fig. 1) , starting in the early to middle Miocene (Dinter and Royden, 1993; Dinter, 1998) , and the other along the "Kerdylion detachment zone," starting in the middle Eocene Brun and Faccenna, 2008) (Fig. 1) . It is beyond the scope of this paper to debate the merits of each model in detail and the reader is referred to the original texts. In terms of regional metallogenesis, the Kerdylion detachment model is preferred, as it allows a holistic metallogenic approach for mineralization in the Serbomacedonian-Rhodope metallogenic belt. Thus, unless otherwise noted, the following descriptions stem from Brun and Sokoutis (2007) .
The Southern Rhodope Core Complex exhumed as a result of Aegean extension from middle Eocene to middle Mioocene. Exhumation was controlled by the Kerdylion detachment zone, and was accommodated by a 30° dextral rotation of the Chalkidiki peninsula that has been displaced for at least 120 km. The Kerdylion detachment zone corresponds to a west-southwest-dipping mylonitic shear zone consisting of migmatitic gneisses and granites, and separates the Kerdylion Massif in its footwall from the Serbomacedonian Massif of the Chalkidiki peninsula (Fig. 1) ; the Kerdylion Massif represents the upper brittle crust since the middle Eocene. The Southern Rhodope Core Complex displays some uncommon characteristics in relation to classical basin and Range Cordilleran core complexes. Within the entire complex, there is a regionally consistent extensional ductile fabric developed during exhumation, with a very uniform top-to-the-southwest sense of shear. The main foliation of the complex is flat-lying across the core complex width (100 km) and contains a northeastsouthwest -stretching lineation and associated ductile-brittle shear fabrics (see also Bonev and Beccaletto, 2007, and references therein) . It should be noted that after removal of 25°b lock rotation, the Kerdylion detachment zone displays the same top-to-the-southweset sense of shear as the rest of the complex. Lineated rocks are typically Permo-Carboniferous mylonitic orthogneisses (270-291 Ma; Liati, 2005; Turpaud and Reischmann, 2009) , and lesser paragneisses. These are overlain by alternations of locally mylonitic marbles and mica schists, and schistose amphibolites, most likely derived from Mesozoic sedimentary and volcanic cover sequences. The late Oligoceneearly Miocene syntectonic granitoid plutons of Symvolon intrude the metamorphic rocks along the southern margin of the complex in the vicinity of Mount Pangeon ( Fig. 1 ) (Kyriakopoulos et al., 1989) . Late Miocene to Quaternary extensional basins (i.e., Drama, Serres, Strymon basins, Fig. 1 ) above the exhumed metamorphic and plutonic rocks were controlled by Pliocene to Pleistocene east-west to northeast-southwest, and northwest-southeast-trending steep normal faults and flat ramp-type extensional structures. Most rocks of the complex have undergone Tertiary high-temperature and mediumpressure (Barrovian) amphibolite facies metamorphism, locally culminating in partial melting, with migmatization principally represented in the Kerdylion Massif (Kalogeropoulos et al., 1989) . Regional cooling below 500°C in early to middle Eocene and below 300°C in late Eocene to early Oligocene were associated with extensional deformation and exhumation (see Brun and Sokoutis, 2007 , and references therein).
Geology of the Asimotrypes Gold Mineralization
The Asimotrypes gold mineralization is hosted mostly by marbles of the Transitional unit (Fig 2; Chatzipanagis, 1991) . The Transitional unit consists of rhythmically alternating layers of albite schists (20-25 m thick) and mica schists (5-15 m thick) and lenses or blocks of mylonitized, ribboned and foliated impure (cipoline) marbles (a few to 100 m thick) and actinolite-plagioclase amphibolites. The Transitional unit has a thickness of ~600 m that represents an early Miocene regional ductile shear zone (Dinter, 1998) , within which lies the contact between the overlying Marble unit and the underlying Pangeon Gneiss unit (Fig. 2) , which collectively make up Mount Pangeon. The Marble unit of ~500-m thickness is made up of thin-bedded laminated impure dolomitic (+ calcite) marbles, folded and boudinaged dolomitic marbles, and thick-bedded calcitic marbles. The Pangeon Gneiss unit displays a structural thickness of ~1,500 m and consists of plagioclase-rich orthogneisses and mica schists (Dinter, 1998) . The Pangeon Gneiss unit gneisses possibly represent the Permo-Carboniferous plutonic and/or sedimentary Southern Rhodope core complex basement and the overlying Transitional unit the Mesozoic Tethyan sedimentary and volcanic cover; the age of the Marble unit is poorly constrained. The metamorphic sequence has been intruded by postcollisional and late syntectonic, high K calcalkaline metaluminous granitoids that form the core of Mount Pangeon. The granitoids occur as separate intrusive bodies known as the "Pangeon granitoids" (Messolakia, Podochori, Mesoropi, and Nikisiani bodies) and they belong to the same pluton that is coeval with the Symvolon pluton (Eleftheriadis and Koroneos, 2003) ; the latter was emplaced ~22 to 21 Ma (early Miocene) (Dinter, 1998; Eleftheriadis et al., 1999) . In the Asimotrypes area, ductile extension has the same characteristics as the rest of the complex. Marbles, schists, and granitoids exhibit mylonitetype fabrics with consistent top-to-the-southwest sense of shear (Chatzipanagis, 1991; Dinter, 1998; Brun and Sokutis, 2007) . All rocks have a strong extensional flat-lying foliation, in general parallel to lithological boundaries, and most often display a northeast-southwest-oriented stretching lineation.
The host rocks in the immediate area of Asimotrypes which belong to the Transitional unit are predominantly impure marbles intercalated with mica schists and lesser amphibolites (Figs. 3, 4) . The marbles contain mainly ferroan calcite and dolomite in variable percentages, and quartz, muscovite, chlorite, kaolinite, dickite, hornblende, talc, and pyrite impurities which may range from 15 to 40 vol percent. The marbles have been subdivided into different types on the basis of the major mineral phases, micro structure, grain size, and color (e.g., impure calcitic marble, coarsegrained white calcitic marble, calcitic (dedolomite) marble Note that the flat-lying foliation of the host marble is overprinted by northwest-oriented brittle steep normal faults and fractures (V) interpreted as hydrothermal feeder conduits (see text for discussion). Adit (left side of photograph) is ~1.5 m high. B. Typical host metasedimentary rocks consisting of a succession of subhorizontal foliated dolomitic marbles, and flat-lying mica schists parallel to the mylonitic foliation of the marbles (base of photograph). Younger brittle subvertical normal faults (V) crosscut the succession. Hammer for scale. mylonite) (Varti-Matarangas and Eli opoulos, 2005) . The main mass of the marbles that host the gold mineralization is a highly deformed, shear-layered calcitic (dedolomite) marble mylonite. These marbles may contain significant concentrations of accessory quartz, mica, chlorite, and pyrite, between 15 and 35 vol percent. Shear-layering is defined by alternating centimeter-to-decimeter-thick, coarsegrained layers with a grain fabric characterized by large calcite porphyroclasts surrounded by a fine-grained matrix of calcite and lesser quartz and muscovite mica, resembling a "core and mantle" structure (Fig. 5A, B ) (e.g., Bestmann et al., 2000) with finer-grained layers that consist of alternating ribbons of chlorite and muscovite mica with ribbons of microshear zones of calcite and quartz (Fig. 5C, D) . Dedolomitization (or dolomite calcitization) (see Nader et al., 2008 , and references therein) is expressed as large subhedral to euhedral (a few hundred µm in length) rhombshaped saddle dedolomite crystals (Fig. 5B) , which may contain 6 to 9 mole percent MgCO 3 , as well as relic ghost grains that have been revealed by staining (see Materials and Methods).
Styles of Gold-Bearing Sulfide Mineralization and Alteration
The Asimotrypes mineralization is basically a disseminated gold-bearing arsenopyrite and, to a lesser extent, pyrite mineralization in impure mylonitic marbles. Arsenopyrite and pyrite mineralization are localized by a combination of structural and lithologic controls (Baker et al., 1993) . The northeastern part of the Mount Pangeon, including Asimotrypes, displays a 2,000-m vertical section from the base of Mount Pangeon and the Nikisiani granite up through Asimotrypes to the top that exhibits two mineralogically similar and spatially coincident mineralization styles with a supergene overprint: (1) strata-bound replacement of the Transitional unit marbles; this is the main style and referred to as replacementtype mineralization in the following text, and, lesser (2) quartz-sulfide lenses, and sulfide disseminations, within discordant subvertical brittle normal faults and joints that crosscut all rock types of the Transitional and Marble units, including the granitoids; these are referred to here as vein-type mineralization, or "veins." A and B. "Core and mantle"-like structure, denoting ductile behavior. Coarse-grained, fish-shaped, rhombohedral or anhedral twinned calcite (dedolomite) porphyroclasts are surrounded by a microcrystalline to fissile matrix of calcite, quartz, chlorite, and muscovite; note the higher percentage of phyllosilicate phases in B. Large calcite (dedolomite) porphyroclasts show deformation twins with offset. C. Ribbon-like structure. Microlayering is defined by alternating ribbons of finegrained chlorite and muscovite with ribbons of coarser-grained sheared calcite and quartz. D. Sharp contact between coarsegrained "core and mantle" and fine-grained ribboned layers. Foliation is defined by the preferential orientation of phyllosilicates.
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Replacement-type mineralization
This style is concentrated at, and controlled by, the intersections of several mylonitic and hydrothermally altered marble horizons of the Transitional unit, with northwest-southeast-to east-west-trending, steeply dipping quartz veins which fill high-angle brittle normal faults and fractures that seem to have focused fluid flow during gold mineralization. In particular, this mineralization is developed along the lithological boundary between intercalated overlying mica schists, which represent a less permeable cap rock, and the more permeable sheared marbles, and within the marble. These mineralized zones individually measure a thickness of as much as 3 m and show flat-lying shear sense with top-to-the-southwest displacement tunable to the regional northeast-southwest-directed extension that characterizes the entire complex; dip is 30°to the east. Replacement-type mineralization extends more than 2,000 m along strike and fills the total ~600-m stratigraphic interval of the Transitional unit (Fig. 3) . Replacement bodies form as elongate, discontinuous, tabular, lenticular or irregular shapes (1-2 m wide, ~1 m thick, and ~5 m long (see Fig. 4A ). Gold-bearing siliceous bodies are clearly distinguished and postdate earlier boudinaged and isoclinally folded quartz that occurs within the mica schist. Also, there is no calc-silicate skarn development in association with the mineralized zones at Asimotrypes.
Hydrothermal alteration: The most apparent hydrothermal alteration related to replacement-type mineralization includes silicification, carbonate dissolution, decarbonation, and sulfidation of the host marbles. The intensity of silicification varies within the mineralized zone from partial to complete quartz replacement of marble (Fig. 6A, B) . Complete pervasive silicification typically produced small siliceous bodies (within the larger areas of altered marble), with less than 1.5 percent carbonate content, which host most of the gold. Microscopic calcite (dedolomite) relics occur locally (Fig. 6C) . Silicification is also shown by fine drusy quartz lining carbonate dissolution-related vugs (Fig.  6F ). Silicification and deposition of quartz also occur along the high-angle brittle normal faults and are manifested by the presence of vein-type mineralization (see below). Goldbearing siliceous replacement bodies are associated with and occur as a discordant wide halo adjacent to the centrally located northwest-southeast-to east-west-trending, highangle, brittle faults and fractures (Fig. 3) . Sulfidation occurs in the form of disseminated arsenopyrite, pyrite, and As pyrite that are ubiquitously present in these siliceous rocks ( Fig. 6D-F) ; the amount of sulfide can vary widely, but may be as much as 35 vol percent of the mineralized rocks. Arsenopyrite constitutes >90 percent of the total sulfide content of the gold-bearing siliceous bodies. Decarbonation of marble is evident from small anhedral carbonate relics within hydrothermal jasperoidal quartz (see below) and gold-bearing arsenopyrite (Figs. 6C, 7E ). Dissolution of marble is also shown by fine drusy quartz lining vugs (Fig.  6F) . In highly silicified rocks, primary mylonitic textures are largely destroyed; these commonly grade into silicified marble that retains its original mylonitic texture within a fewcentimeter-thick alteration envelope. These hydrothermal envelopes are enriched in base and precious metals, i.e., Au, Ag, Pb, Zn, As, and S and SiO 2 (see below and App.). Hydrothermally altered interbedded mica schists and amphibolites consist of quartz, chlorite, phlogopite, sericite, and clinozoisite, and chlorite, quartz, and pyrite overprinted by marcasite-pyrrhotite ± titanite ± leucoxene, respectively; the former may contain 20 to 440 ppb gold (App.).
Vein-type mineralization or "veins"
This style refers essentially to small, semimassive quartz-sulfide lenticular pods, veinlets, and breccias with disseminated sulfide minerals that occur along northwest-southeast-to eastwest-trending high-angle brittle faults and fractures, which strike perpendicular to the flat-lying ductile, shear foliation of the host rocks, dip steeply to the southwest, and reflect structural control of mineralization (Fig. 3) . The pods are generally narrow, varying from 2 to 5 cm in diameter, with horizontal extensions of about 500 m within the Transitional unit, and they can be traced for 2,000 m along strike to the top of Mount Pangeon. Vein-type mineralization is best developed in the hanging wall to the mineralized shears adjacent to their intersections with the faults and fractures; here, crackle and mosaic marble breccias dipping 55° to the north are common, and are characterized by extensive replacement of the sulfide minerals by supergene oxides (see below). Moreover, "vein" mineral assemblages change with host rock. In granite, pyrite + quartz to pyrite + quartz + sericite and/or quartz + sericite assemblages are the main hydrothermal minerals. Arsenopyrite + pyrite + quartz (+ limonite) to pyrite + chalcopyrite + quartz (+ chrysocolla, limonite) dominate where the faults and fractures cross marble and mica schist units at higher topographic levels (Fig. 3) . Vein-type mineralization is characterized by the same type of hypogene sulfide and supergene oxide mineralogy that accompanies the replacement type. These structural, mineralogical, and stratigraphic relationships, combined with geochemical data (see below) suggest that these northwestsoutheast and east-west-oriented faults and fractures represent the principal metalliferous fluid conduits that promoted fluid migration by enhancement of fracture permeability in the mineralized zones. Moreover, these northwest-oriented, high-angle normal faults hosting vein-type mineralization have been interpreted as an expression of synextensional or late extensional rolling hinge-type deformation synchronous to exhumation of the Southern Rhodope Core Complex; these structures are coeval with post-Tortonian northwest-oriented regional brittle normal faulting that overprints both core complex metamorphic rocks and the Messolakia granitoid, and that controls Neogene sedimentary basins such as Strymon, Serres, and Drama ( Fig. 1) (Dinter, 1998; Tranos et al., 2008; Tranos, 2011) . The distribution of gold mineralization appears to be related the geometry of these brittle structures.
Supergene gold mineralization
Supergene oxidation of sulfide minerals has produced abundant colloidal Fe and Mn oxides and hydroxides (limonite) that occur as boxworks, bands, veins, impregnations, thin crusts, and/or stains. Limonite is best developed within crackle and mosaic marble breccias at and adjacent to the intersections of mineralized shears with the quartz veins, as well as in the form of ~2-to 5-cm-wide envelopes of the sulfidized marble.
Mineralogy and Mineral Chemistry
The auriferous siliceous body gangue is composed mainly of quartz characterized by three textural varieties that represent an equal number of stages of hydrothermal silicification and mineralization development: banded quartz (quartz-1), jasperoidal quartz (quartz-2) that is the main host of the goldbearing sulfide minerals, and rare, late-stage drusy quartz (quartz-3). Banded quartz preserves original mylonitic features; it represents fine-to medium-grained quartz replacements of calcite (dedolomite) with core and mantle-and/or ribbon-like texture and contains only traces of sulfide minerals (Fig. 6A, B ). Deformation microtextures in quartz are also expressed as intragranular and transgranular healed fractures in quartz grains with deformation lamellae, undulose extinction, and sutured grain boundaries. Original quartz is difficult to distinguish from hydrothermal quartz. Quartz-1 occurs as random, narrow, discontinuous zones that run parallel to the shear foliation. It is mainly developed at the periphery of the auriferous siliceous bodies and marks the transition from weakly silicified marble, which retains its original texture, to dominantly jasperoidal quartz-2 with complete obliteration of original shear features. Jasperoidal quartz-2 overgrows Barren coarse-to medium-grained banded quartz-1. The textural features of quartz-1reflect the texture and grain size of the replaced marble mylonite. C. Reticulate or xenomorphic texture of jasperoidal quartz-2, with variable grain size enclosing calcite relics and chlorite, suggests formation by pervasive replacement of calcitic marble; sericite (ser) and chlorite (chl) constitute hydrothermal alteration minerals. D. Distinctive banded quartz-1 (qz 1) is overgrown by quartz-2 (qz 2); Au-sulfide minerals (dark rhombs and cubes) are consistently enclosed within quartz-2 crystals. E. Typical finegrained gold mineralized jasperoidal quartz-2 with enclosed auriferous arsenopyrite (rhombs, asp) and pyrite (cubes, py). F. Coarse drusy quartz-3 (qz 3) filling vugs and larger open spaces interstitial to intergrown gold-bearing arsenopyrite (asp), pyrite (py), and quartz-2.
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quartz-1 and is characterized by a crystalline mosaic, saccharoidal, or xenomorphic texture, with variable grain sizes ranging from ~5 to 300 µm; the latter contains rare fine-to medium-grained anhedral grains of calcite ( Fig. 6C ), which are interpreted to represent relicts of the host rock. Quartz-2 is locally decorated by fluid inclusion trails along transgranular, healed brittle microfractures which also transect coexisting auriferous sulfide minerals. Hydrothermal phyllosilicate phases may accompany quartz-2 (Fig. 6C) . Rarely, fine drusy quartz (quartz-3) is found lining carbonate dissolution-related vugs (Fig. 6F) . In some samples, all three stages of silicification can be present.
The gold-bearing assemblage of hypogene mineralization consists of arsenopyrite and arsenian pyrite dispersed within jasperoidal quartz-2 ( Fig. 6D-F) . Gold was found at submicroscopic amounts in arsenopyrite and arsenian pyrite, and as visible native free gold associated with supergene Fe minerals. Gold-bearing arsenopyrite occurs as aggregate masses Reflected light photomicrographs of textural relationships between minerals of the paragenetic assemblages in the Asimotrypes gold mineralization. A. B. Typical monomineralic aggregates of gold-bearing arsenopyrite grains set in a matrix of jasperoidal quartz-2 (dark). Much of the arsenopyrite displays euhedral to subhedral crystal shapes; hairline brittle microfractures or irregularly embayed textures are present (B). Arsenopyrite shows a porous texture and contains xenomorphic inclusions of quartz, carbonate, and other sulfide minerals (see below). C. D. Typical occurrence of arsenopyrite and pyrite aggregate inbedded in jasperoidal quartz-2 (dark). Associations between arsenopyrite and pyrite imply cocrystallization, although in places, arsenopyrite encloses and has possibly corroded pyrite (D) (arsenopyrite grains are not marked by abbreviations in C). Note porous texture in pyrite and silicate, carbonate and sphalerite inclusions. E. Large twinned calcite inclusion within porous arsenopyrite. F. G. Arsenopyrite crystals with coeval inclusions of galena, chalcopyrite, and tetrahedrite-tennantite (G). Note complex growth twinning or zoning in host arsenopyrite. H. Sieve-texture of supergene goethite + hematite in fractures overprinting arsenopyrite and pyrite. I. Large gold grain in supergene ferruginous (hematite + goethite) matrix. Mineral abbreviations: cc = calcite, cpy = chalcopyrite, py = pyrite (including arsenian pyrite), qz = quartz, asp = arsenopyrite, th-tt = tetrahedrite-tennantite, gn = galena, sph = sphalerite, g+h = geothite+hematite, Au = gold.
consisting of interlocking medium-to coarse-grained idiomorphic to subidiomorphic grains, in the size range of 1.5 mm to less than 100 µm, which are present in a rhombic, triangular, or acicular form ( Fig. 7A-C) . Arsenopyrite is also intergrown with arsenian pyrite and pyrite; these sulfide minerals commonly have straight, sharp, and crystal-shaped or mutually interpenetrating grain boundaries, and both are consistently associated with massive jasperoidal quartz-2, indicating that they were deposited within one evolving hydrothermal event and were essentially coeval (Fig. 7C, D) . Gold-bearing sulfide minerals have a porous texture (Fig. 7A,  D) , and rare carbonate inclusions within pores, indicating that they are marble replacement products ( Fig. 7E) (Putnis, 2009 ). However, cataclastic or irregularly embayed textures of these sulfide minerals are common (Fig. 7B, D) , indicating a syndeformation timing of deposition, and that the mineralizing system was subject to brittle deformation as it developed. Galena, tetrahedrite-tennantite, and chalcopyrite occur as inclusions in euhedral arsenopyrite (Fig. 7F, G) . Supergene overprint includes colloidal Fe oxides and hydroxides in the form of goethite + hematite containing native gold grains ranging from 20 to 40 µm in diameter (Fig. 7H, I ), and lesser covellite, malachite, cerrussite, and chrysocolla. An interpreted paragenetic sequence within the main mineralized area is shown in Figure 8 . Figure 9A and B shows reflected light microphotographs of gold-bearing arsenopyrite with complex crystallographic zoning patterns that may represent growth twinning (Kretchmar and Scott, 1976; Pracejus, 2008) and/or chemical growth zoning (e.g., Benzaazoua et al., 2007 , and references therein). The backscattered electron (BSE) imaging technique failed to reproduce these complex patterns, signifying small differences of average atomic number across the arsenopyrite crystals. However, BSE images reveal that gold-bearing arsenopyrite grains have irregular, intragranular compositional zones on a scale of <10 µm, observed between darker and brighter domains on BSE images (see Fig. 9C -E). The compositional zoning is related to variations in As/S ratio, and it is expressed as an increase in As atomic number from 29.4 to 32.5 at. percent, correlating with a decrease in the S content from 38.02 to 35.4 at. percent.
Electron microprobe analyses (EMPA) show that arsenic in arsenopyrite ranged from 41.7 to 43 wt percent (mean = 42.5 wt %). Figure 10A and Table 1 present 50 gold secondary ion mass spectrometry (SIMS) analyses of gold-bearing arsenopyrite and arsenian pyrite grains. SIMS analyses show that gold in arsenopyrite and arsenian pyrite range from 0.5 to 29 ppm (mean = 11.6 ppm), and 0.14 to 11 ppm (mean = 2.3 ppm), respectively (Table 1) ; arsenic ranged from 0.01 to 3.8 wt percent (mean = 1.35 wt %) in arsenian pyrite. Figure 10B documents the positive correlation between arsenic and gold in SIMS analyses of arsenian pyrite, as is commonly the case for invisible gold-bearing arsenian pyrites elsewhere (e.g., Cook and Chryssoulis, 1990; Hofstra and Cline, 2000; Cline, 2001) . Moreover, Figure 10A shows that gold is preferentially concentrated in arsenopyrite compared to arsenian pyrite. Element-specific mapping obtained by SIMS (Fig. 11) shows that gold exhibits a primary inhomogeneous distribution pattern that appears to mimic finely banded, growth-twinning lamellae or growth zones(see Fig. 9A , B); in addition, gold is always accompanied by arsenic, but not vice versa. With the presently available data, it is not possible to determine whether gold in arsenopyrite is structurally bound or occurs as submicroscopic inclusions (<1,000 Å) of free gold. Collectively, the reflected light, BSE, and SIMS data provide evidence that invisible gold in arsenopyrite is crystallographically controlled and is associated with growth phases of arsenopyrite.
Geochemistry of Gold Mineralized Zones
Geochemical data of representative variably mineralized rocks are provided in the Appendix.
The mineralized zones are defined by gold concentration values and overall abundance of sulfide minerals. The gold concentration in samples from replacement-type mineralization ranges between 3.2 and 16.60 ppm (mean = 6.5 ppm) (App.); the highest gold grades occur close to the intersection with the crosscutting quartz veins, and drop off toward the margins of the siliceous bodies (App.). Most gold-bearing samples in replacement-type mineralization contain less than 1.5 wt percent CaO (App.). Where dissolution and silicification of marble were not accompanied by deposition of sulfide minerals, gold grades are less than 150 ppb (App.−MWR). The center of the siliceous lenses or pods in the Transitional unit contains the highest (as high as 16.6 ppm) concentrations of gold with an average value of 6.5 ppm, whereas margins may contain 1 to 3 ppm gold. Sulfide lenses along the northwest-southeast fractures within the Transitional unit are also enriched in gold (as much as 13.5 ppm; avg = 6.7 ppm) (Fig. 3) .
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Chemical analyses of supergene limonites have shown gold contents up to 6.7 ppm (App.-LRM); the form of this gold is unknown.
Gold grades and the abundance of sulfide minerals decrease rapidly when the veins cross Marble unit marble and granite above and below the Transitional unit (App.; Fig. 3 ). Gold distribution shows a consistent variation from the Nikisiani Granitoid through the Transitional to the Marble units and the top of Mount Pangeon, a vertical distance of 1,000 m.
The average (max) assays from 16 unoxidized auriferous samples from the mineralization containing >0.5 ppm gold (App.) are 7 ppm Au (16.6), 47 ppm Ag (320), 25,000 ppm As (45%), 54 ppm Sb (100), 53.4 ppm Bi (107), 4.6 ppm Te (33), 3.6 ppm Se (5), and 0.6 (8) wt percent Pb, 0.2 (1.7) wt percent Zn, and 1.9 (16.3) wt percent Cu. Gold/silver ratios are 1 to 2 (see App.) and Au correlates very well with As (r 2 = 0.75), reflecting the Au-arsenopyrite association, and there are good correlations with Sb (r² = 0.6), Bi (r 2 = 0.6), and Ag (r 2 = 0.5). Silver strongly correlates with Cu (r 2 = 0.84) and Cr (r 2 = 0.71), for reasons that are not clear. Copper, lead, zinc, arsenic, silver, and antimony show poor interelement correlation (r 2 < 0.4). The average concentrations of As, and Cu, Pb, and Zn reflect the predominance of arsenopyrite, with minor chalcopyrite, galena, and sphalerite in the mineralized bodies.
This gold grade distribution, combined with the inferred geologic contemporaneity of shear zones and crosscutting quartz-veins within the extensional deformation framework of the core complex, supports the interpretation of the northwest-southeast-to east-west-trending, steeply dipping veins as principal local conduits for hydrothermal fluids during sulfide and gold mineralization. However, the bulk amount of gold was deposited away from these structures within favorable stratigraphic units (i.e., marble). 
Euhedral arsenopyrite crystals showing at least two sets of superimposed and crosscutting linear bands or lamellae, running obliquely to crystal faces, possibly representing polysynthetic growth twinning ("sand-glass" twinning of arsenopyrite according to Pracejus (2008) (A), or growth oscillatory zoning crosscut by a secondary diffusion zoning (B) (Benzaazoua et al., 2007) . C.D.E. Collection of backscattered electron (BSE) images defining the characteristics of within-grain irregular compositional zoning on arsenopyrite. C. Aggregate of anhedral arsenopyrite grains. D. Close-up of C, with contrast adjusted to show darker rectangular to irregular domains marked with an X, which may belong to crystallographic zones; these domains reflect lower As and higher S content compared to brighter areas; 29.46-30.09 As at. percent in darker domains, and 30.56-32.52 at. percent in brighter domains (electron microprobe analyses are shown in E). Note internal linear fabric in D.
Fluid Inclusions
Occurrence and timing of the fluid inclusions with respect to quartz formation and their relationship to gold mineralization
Samples of replacement-type gold mineralization bodies and vein-type mineralization, found close to their intersection with replacement type, contain primary, pseudosecondary, and secondary fluid inclusions. Undisputable primary fluid inclusions occur only within jasperoidal gold-bearing quartz-2 and quartz-3. These inclusions occur in the following ways: (1) in clusters in the middle of crystals, (2) along planes that mark growth zones, (3) as individual isolated inclusions or in random three-dimensional patterns throughout a single grain (Fig. 12A, E) . Typically, the fluid inclusions are irregular to ovoid in shape and the size of fluid inclusions ranges from <5 to 35 µm. Pseudosecondary fluid inclusions are very common in quartz-2. These fluid inclusions are present as discontinuous trails that mark healed fractures within individual grains that do not crosscut the grain boundary (Fig. 12B) . The orientation of trails in individual quartz grains is variable and interpreted to be related to fractures that formed during extension and exhumation (Fig. 12B) . The individual fluid inclusions within these trails are similar in appearance and shape to primary fluid inclusions, and are generally <40 µm in maximum dimension. Secondary fluid inclusions commonly define trails that crosscut quartz boundaries. These inclusions clearly postdate the entrapment of primary and pseudosecondary inclusions. The fluid inclusions in these trails are usually small (<10 µm), mostly equant, and are usually elongated in the direction of the trail (Fig. 12C) . Secondary fluid inclusions occur also in the form of naturally decrepitated and/or leaked inclusions which occur in random clusters within quartz or around the grain boundaries (Fig. 12D ).
Primary and/or pseudosecondary inclusions are intimately related to gold-bearing sulfide minerals and are interpreted to have trapped the gold-bearing fluids (Fig. 12A, B) . Trailbound secondary inclusions are interpreted to postdate goldbearing sulfide precipitation. As-py = arsenian pyrite, Aspy = arsenopyrite
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Types of fluid inclusions
Four types of fluid inclusions in varying abundance have been distinguished on the basis of inferred bulk composition and origin: (I) CO 2 -rich inclusions, (II) mixed H 2 O-CO 2 inclusions, (III) aqueous inclusions, and (IV) naturally decrepitated/leaked inclusions.
Type I: CO 2 -rich inclusions are primary or pseudosecondary and consist of a single liquid or two phases (liquid CO2 + vapor CO 2 ) at room temperature and they do not form a gas hydrate on cooling to temperatures below -40°C. Dark transparent edges along the inclusion walls indicate a minor (<10 vol %) liquid water phase (Fig. 12E, F) . Type I inclusions are relatively rare, making up less than 10 percent of all inclusions; they are mostly equant, often with negative crystal shapes, and are always associated with other types of inclusions (Fig. 12E, F) . Inclusions that are evaluated to contain 90 vol percent or more carbonic phase are classified as type I CO 2 -rich inclusions.
Type II: H 2O-CO2 inclusions are primary or pseudosecondary and contain an undersaturated aqueous liquid phase and a two-phase bubble of liquid + vapor CO 2 at room temperature. They are the most abundant type, are characterized by regular to irregular shapes, and generally range between 5 and 35 µm in size (Fig. 12E, F) . Groups of type II inclusions exhibit a large variance, from 10 up to 80 percent, in the volumetric percentage of the carbonic phase and classically have CO 2 -rich type I inclusions associated with them. Primary or pseudosecondary type II (and I) inclusions represent more than 90 vol percent of all inclusions present in gold-mineralized samples. Commonly, type II aqueous carbonic inclusions in euhedral quartz-2 are spatially related to gold-bearing Fe sulfide minerals (Fig. 12A, B) , and are interpreted to have trapped the gold-bearing fluid at Asimotrypes.
Type III: These are aqueous two-phase inclusions, characterized by a vapor bubble in an aqueous liquid at room temperature. Their shapes vary from angular to subrounded, or rounded to ellipsoidal, and vapor proportions are of about 10 to 40 vol percent. Sizes rarely exceed 15 µm in diameter, ranging from <5 to 30 µm. Clathrate melting was observed in some type III inclusions and that melting is indicative of traces of CO 2 in the gas phase. Some inclusions of this type A. Isolated large primary type II aqueous-carbonic H2O-CO2-NaCl inclusion (black arrow) hosted by jasperoidal quartz-2 (qz) intergrown with gold-bearing arsenopyrite (asp). Discrete clusters (white arrow) of type II inclusions in the centre of quartz crystal defining growth zones indicate primary origin. Note the close relationship between primary type II inclusions and gold-bearing arsenopyrite. B. Primary-pseudosecondary aqueous-carbonic fluid inclusions occurring as discontinuous trails (ps) with variable orientation that mark intragranular healed fractures within individual euhedral quartz-2 crystal intergrown with auriferous arsenopyrite(asp). C. Secondary type IIIb aqueous fluid inclusion trails that transect quartz-2 grain boundaries. Inset shows aqueous two-phase type IIIb inclusion. D. Naturally decrepitated type IV inclusions within quartz-2. E. Type I and II inclusions, within the same field of view that define crystal growth zones of auriferous quartz-2. F. Three-phase primary H2O-CO2-NaCl inclusions (type II) with variable phase ratios (arrows) coexisting with CO2-rich inclusions (type I). coexist with inclusion types I and II, but mostly they occur as trails along secondary transgranular healed fractures (Fig. 12C) .
Type IV: These are secondary, naturally decrepitated and/or reequilibrated type I, II, and III inclusions. The term "reequilibration" is used here sensu Vityk and Bodnar (1995) and includes any obvious changes in the inclusion density and/or texture. Type IV includes several subtypes: (1) annular inclusion reequilibration textures of former carbonic and/or aqueous inclusions (Fig. 12D) ; (2) irregular-shaped decrepitated inclusions which are surrounded by clusters of small, usually regular to rounded satellite inclusions (<3 µm) (Fig. 12D) , indicating postentrapment reequilibration; (3) irregular dendritic and scalloped inclusion textures that point to fluid inclusion decrepitation under isobaric cooling conditions (Fig. 12D) .
Combinations of different fluid inclusion types I and II are common within a cluster or intragranular trail, and these constitute distinct fluid inclusion assemblages. Transgranular trails that contain only one fluid inclusion type are observed and exclusively make up type III inclusions.
Microthermometry results
No systematic differences of microthermometric properties were observed between replacement-type (10 samples) and crosscutting vein mineralization (4 samples). Fluid inclusion microthermometric data and calculated fluid properties are summarized in Table 2 .
Type I inclusions: Final melting temperatures of solid CO 2 (T m CO 2 ) in type I inclusions range narrowly from -56.9°to -56.6°C (Fig. 13A) , indicating that the carbonic phase in the inclusions is nearly pure CO 2 . This was also confirmed by bulk volatile analyses (see below). Bubble point homogenization temperatures of the CO 2 liquid + vapor phases (T h CO 2 ) range from 26.5°to 29.4°C. No clathrate melting was observed upon heating of frozen type I inclusions. However, these CO 2 -rich inclusions may contain up to 15 vol percent H 2 O, even though an H 2 O phase is not visible. Bulk densities range from 0.61 to 0.68 g/cm 3 .
Type II inclusions: Final melting temperatures of solid CO 2 (T m CO 2 ) in type II inclusions were between -57.1° and -56.6°C (Fig. 13A) , indicating almost pure CO 2 (confirmed by bulk volatile analyses; see below). Temperatures of CO 2 clathrate melting (T m clathrate ) in the presence of both liquid and vapor CO 2 range from 6.1° to 9.7°C (Fig. 13B) . The liquid and vapor phases of the carbonic phase exhibited bubble point homogenization T h CO 2 between 25.5° and 29.5°C (Fig. 13C) , whereas the homogenization temperatures (Th) to both the carbonic and aqueous phases range between 250° and 300°C (Fig.  13E ). Homogenization to liquid occurred in the range of 250°t o 295°C (median value 280°C) and homogenization to vapor occurred from 275° to 300°C (median value 290°C). Homogenization temperatures in either phase cluster between 250°a nd 300°C. Some type II inclusions, which have comparatively higher CO 2 -phase volumes and larger diameters, decrepitated before homogenization at temperatures between 250° and 300°C. Calculated fluid inclusion concentrations of CO 2 in the system H 2 O-CO 2 -NaCl range from 3 to 54.5 mole percent, with most values concentrating either between 3 and 16.1 or 22.3 and 54.5 mole percent CO 2 . Bulk salinities range from 0.6 to 7.3 wt percent NaCl equiv, CO 2 densities range from 0.65 to 0.70 g/cm 3 , and bulk densities are from 0.74 to 1.05 gr/cm 3 .
Type III inclusions:
Temperatures of final ice melting (Tm ice ) range from -5.9°to -3.5°C (median value -4.7°C) (Fig. 13D) . Temperatures of homogenization (T h ) were between 135°and 256°C and always to the liquid phase (Fig.  13E) . Figure 13E shows a bimodal distribution of T h values which serves as a basis for grouping these inclusions in two subtypes: (1) type IIIa with Th > 250°(n = 5); and (2) type IIIb with T h = 130°-250°C (mostly between 150°and 220°C (n = 15). It should be noted that type IIIb inclusions define secondary trails or planes that crosscut grain boundaries. Calculated salinities range from 5.6 to 9.1 wt percent NaCl equiv and bulk densities in the system H 2 O-NaCl (Bodnar, 1993) from 0.84 to 0.98 g/cm 3 . A few clathrate melting temperatures were recorded in a small number of type IIIa inclusions between 5°and 9°C suggesting the presence of a possible maximum of 2.2 molal CO 2 that would decrease the density by 0.03 to 0.05 g/cm 3 (Hedenquist and Henley, 1985) .
Fluid inclusion gas analyses
Analytical results for the fluid inclusion volatiles are shown in mole percent of the inclusion fluid; CO2 makes up most of the remaining volatile component, varying between 1.31 to 13.73 mole percent, whereas the other gases-CH4, N2, Ar, H2 and CO-are generally present in amounts smaller than 1 mole percent. This confirms the aqueous nature of mineralizing fluids and provides good agreement with the fluid inclusion microscopic and microthermometric data.
Stable Isotopes
Sulfur isotopes
No significant variations are observed within the Asimotrypes mineralization; the δ 34 S values range narrowly from 2.2 to 3.1 per mil (mean: 2.6 ± 0.3‰ [1σ; n = 10]) (Table 4) .
Oxygen, hydrogen, and carbon isotopes
The δ 18 O and δ 13 C values of calcite from host marble samples collected along a profile covering a distance from a few centimeters up to 50 m of a mineralized zone explored by the 3K-D adit at Asimotrypes (see Fig. 2 ), are closely grouped, with a range of 28.1 to 30.9 per mil (median 29.3 ± 0.9‰ [1σ; n = 15]), and 1.9 and 2.9 per mil (median 2.5 ± 0.3‰), respectively. The oxygen and carbon isotope compositions of the host-rock carbonates are typical of Phanerozoic marine carbonates (-2.0 to +6.0‰; Veizer et al., 1999) . Quartz δ 18 O values range from 20.8 to 22.6 per mil, with a mean of 21.9 ± 0.5 per mil (1σ; n = 10) ( Table 4 ). The quartzwater fractionation of Matsuhisa et al. (1979) was used to derive the oxygen isotope composition of the hydrothermal fluid that equilibrated with quartz at 250°and 300°C, based on fluid inclusion homogenization temperatures. Samples of auriferous quartz were petrographically selected to minimize the percentage of secondary fracture filling type IIIb inclusions. The calculated fluid values range from 11.9 to 13.7 per mil at 250°C and 13.9 to 15.7 per mil at 300°C. The water extracted from fluid inclusions of these quartz samples has δD values from -105 to -125 per mil, with a mean of -117 ± 7.5 per mil (1σ; n = 10) ( Table 4 ). These are the first δD values reported for gold mineralization in the Rhodope Complex. The δ 18 O for muscovites range from 12.9 to 14.1 per mil, with a mean value of 13.5 ± 0.5 per mil (1σ; n = 5) ( Table 4 ). The muscovite-water fractionation equation of Zheng (1993) was utilized to compute the oxygen isotope composition of hydrothermal fluids. The calculated δ 18 O values at 300°C range from 10.2 to 11.3 per mil, and 250°C from 11.4 to 12.7 per mil. Quartz-muscovite pairs with textures indicating coprecipitation have ∆ 18 O values of 6.0 and 6.1 per mil, yielding equilibrium isotopic temperatures of 262° to 268°C, consistent with the average homogenization temperatures of fluid inclusions in auriferous quartz (Fig. 13E ).
Discussion
We believe the geologic, textural, mineralogical, and geochemical features described here support a clearly epigenetic, postmetamorphic, and postmagmatic origin for the Asimotrypes gold mineralization. Our data show that gold mineralization was contemporary with, and genetically related to, Aegean extension and core complex exhumation.
Geologic and mineralogical evidence
The gold mineralization at Asimotrypes is subject to both tectonic as well as lithological control (see Fig. 3 ). Major orecontrolling factors are the intersection of local zones of porosity and permeability and steep, high-angle faults. Permeable features at Asimotrypes are extensional ductile shear zones (i.e., top-to-the-southwest siliceous mylonites) between rocks of differing lithology (i.e., marbles and mica schists), steep feeder brittle normal faults (i.e., northwest-southeast-to eastwest-trending quartz veins), and reactive carbonate rock types (i.e., marbles). Localization of ore may have been enhanced by the less permeable mica schists as aquitards. The mylonite ore-controlling structures are characterized by northeastsouthwest-oriented extensional, ductile, flat-lying foliation, with top-to-the-southwest sense of shear, corresponding to the regional northeast-southwest-directed extension that characterizes the whole Southern Rhodope Core Complex. The brittle northwest-oriented feeder structures crosscut the ductile fabrics of the host rocks, and they document a northeast-southwest brittle extension parallel to the regional ductile baric of the host rocks; also, the northeast-southwest brittle extension has controlled the Neogene Strymon basin during the late Miocene and Pliocene, and also strongly imprinted the Messolakia granitoid (15.0 ± 0.3 m.y. cooling age), after the latter was already emplaced and cooled (Tranos et al., 2008; Tranos, 2011) . These structural relationships indicate the following: (1) both ductile and brittle structures may be interpreted within a single, continuous extensional and exhumation event, which started with ductile deformation and changed into brittle deformation during exhumation of the core complex (Brun and Sokutis, 2007; Dinter, 1998 ductile-then-brittle evolutions during core complex exhumation have been documented in a number of other extensional tectonic settings (e.g., Lister and Davies, 1989; Moritz et al., 2006) , (2) there is a close relationship between gold mineralization and the late extensional brittle structures that have acted as feeder channels to the main mineralized zones and postdated metamorphism, the ductile shear deformation of the host rocks, as well as granitoid intrusion. Moreover, mineralogical evidence indicates that mineralization is postmetamorphic and synchronous with ductilethen-brittle deformation events: (1) hydrothermal quartz is characterized by brittle as well as ductile microstructures, and gold-bearing arsenopyrite-pyrite by cataclasis and brecciation; brittle failure of mineralized quartz may have generated the abundant healed microfractures occupied by type IIIb aqueous inclusions; (2) hydrothermal silicification, sulfidation, and carbonate dissolution overprint the metamorphic minerals and ductile structures of the core complex host marbles and mica schists; (3) the zonal patterns of gold distribution in arsenopyrite suggest no metamorphic recrystallization of arsenopyrite with concurrent remobilization of gold; any postmineralization remobilization of gold is limited to the oxidation of the sulfide host minerals; and (4) compositional zoning in arsenopyrite may be related to complex unrelated to metamorphism textures like fine banding patterns (compare Fig. 9A , B and Fig. 9C-E) . These findings are analogous to those reported by Boiron et al. (1989) and Benzaazoua et al. (2007) in epigenetic gold-bearing arsenopyrites from shallowemplaced epithermal-like refractory gold ores.
In summary, gold mineralization at Asimotrypes is likely to have been controlled by extensional ductile-then-brittle structures, which are consistent with regional Aegean extension and exhumation of the metamorphic Southern Rhodope Core Complex; consequently, gold mineralization is compatible
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0361-0128/98/000/000-00 $6.00 769 with processes associated with middle Eocene to present Aegean extension through the Kerdylion detachment zone. Furthermore, a clearly postmetamorphic and postmagmatic age is indicated for the gold mineralization at Asimotrypes, which is at least younger than the 15.0 ± 0.3 m.y. cooling age of the Messolakia granitoid (Tranos et al., 2008; Tranos, 2011) .
Evidence from fluid inclusions and possible P-T constraints
The incidence of carbonic, aqueous-carbonic, and aqueous fluid inclusions in the same sample is classically explained by three possible processes (e.g., Zoheir et al., 2008 , and references therein): (1) heterogeneous fluid state which may have been derived by fluid unmixing processes of a H 2 O-CO 2 -NaCl fluid (Ramboz et al., 1982) followed by heterogeneous entrapment of a CO 2 -rich phase and a H 2 O-rich one as carbonic and aqueous-carbonic inclusions, respectively; (2) mixing of fluids from two different sources followed by entrapment of the various mixing combinations as fluid inclusions (e.g., Xavier and Foster, 1999) , and/or entrapment of separate and distinct fluids at different times (e.g., Neumayr and Hagemann, 2002) ; and (3) post-trapping deformation-induced modification influencing fluid inclusions that had formed by entrapment of a homogeneous one-phase fluid at an earlier stage; deformation causes inclusions to leak, decrepitate or reequilibrate, resulting in the preferential loss of H 2 O that is entrapped to form the aqueous inclusions, and the synchronous entrapment of CO 2 -enriched inclusions (Vityk and Bodnar, 1995) .
Heterogeneous entrapment after fluid phase unmixing of a primary H 2 O-CO 2 -NaCl fluid induced by a drop in P and T in the shear zones, as the mechanism responsible for the formation of inclusion types I, II, and IIIa, is supported by a number of petrographic and microthermometric properties (Ramboz et al., 1982; Roedder, 1984) : (1) type I inclusions coexist with type II inclusions and type IIIa inclusions in primary and/or pseudosecondary settings in the same sample, providing evidence that they are related and contemporaneous; (2) aqueous-carbonic type II inclusions are pervasively developed within individual samples and yield highly variable CO 2 / H 2 O phase ratios within individual clusters or internal trails; they homogenized into the H 2 O or CO 2 phase, or decrepitated, at overlapping temperature ranges between 250°and 300°C (Fig. 13E) ; (3) temperature of total homogenization T h vs. salinity plot on Figure 14 shows a "boiling," near-vertical trend of increasing salinity (1-8 wt % NaCl equiv) associated with a gradual decrease in T h (300°-250°C). The few measured type IIIa fluid inclusions that display T h values ~250°C, and spatial and textural association with CO 2 -and H 2 O-CO 2 -rich fluid inclusions in gold bearing samples may represent the H 2 O-rich end member phase resulting from unmixing of the primary H 2 O-CO 2 -NaCl fluid (e.g., Boullier et al., 1998) . It should be noted that some of the variability of the CO 2 content and salinity of type II fluid inclusions at Asimotrypes may be interpreted as a result of carbonate dissolution during marble replacement at the level of gold mineralization, and interaction of low salinity mineralizing fluids with metamorphic silicates (i.e., sericites-illites) in the host impure (cipoline) marble and metasedimentary (detrital) rocks, respectively; the latter can host significant amounts of Cl that can be released during interaction with hydrothermal fluids.
The lack of distinct fluid inclusion populations that have widely variable T h and equivalent wt percent NaCl valuesreflecting variable compositions and temperatures of entrapment (e.g., Xavier and Foster, 1999) and showing a mixing trend-suggests the discharge of the mixing of two separate fluids process as a mechanism for the formation of fluid inclusion types in the studied samples. Equally, deformationproduced post-trapping modification of inclusions originally formed by homogeneous fluid trapping has been dismissed as a mechanism responsible for the formation of all types of fluid inclusions observed, as this would also generate large variations of CO 2 -phase density in CO 2 -bearing inclusions, and a wide variability in T h values. In our samples, primary and pseudosecondary CO 2 -bearing inclusions exhibit narrow ranges of CO 2 -phase densities and T h values (see Table 2 ). However, CO 2 -rich type I and, to a lesser extent, CO 2 -H 2 O-rich type II inclusions occur in clusters together with type IV naturally decrepitated and/ or apparently empty inclusions. This proximity suggests leakage was responsible for the formation of some of these inclusions from initial H 2 O-CO 2 inclusions due to later crystal deformation. Moreover, type II inclusion isochore distribution may be interpreted as a result of reequilibration under conditions of high internal overpressures (Fig. 15) . Isochores scatter from >2 kbars for temperatures of ~270°C, to >4 kbars for temperatures of >300°C. The scatter in inclusion isochores to >2 kbars below the isochore for the densest inclusion indicates a >2 kbars pressure difference between the high-density inclusions and ambient conditions; this may have caused reequilibration of early inclusions, depending on their size (Vityk and Bodnar, 1995) . Alternatively, some of the scatter may be a result of fluid unmixing, pressure fluctuations during fluid entrapment, and errors of determining bulk inclusion density from visual estimation from phase proportions (Roedder, 1984; Vityk and Bodnar, 1995) .
Fracture-controlled type IIIb fluid inclusions are chemically, physically, and microthermometrically distinct from the CO 2 -bearing fluid inclusions related to gold-bearing sulfide mineralization and, therefore, those inclusions represent a different hydrothermal fluid event. These fluids are similar to late, low-temperature fracture fillings by distinct low salinity aqueous fluids representing high-level meteoric water introduced during uplift within an extensional core complex (Beaudoin et al., 1992; Marshall et al., 2000; Moritz et al., 2006; .
Fluid inclusion data demonstrate that chemically similar H 2 O-CO 2 -NaCl fluids were responsible for the various stages of silicification, and that heterogeneous phase immiscibility of this fluid was pervasive throughout the Asimotrypes auriferous system. This relationship and the lack of clear textural evidence to point out a large time gap between deposition of the different varieties of quartz indicate that all varieties of quartz in the siliceous auriferous bodies are grossly coeval, and that they form part of the same evolving hydrothermal fluid system that deposited refractory gold and quartz mineralization either as a result of fluid-rock reaction and/or fluid unmixing, or both (e.g., Shelton et al., 2004) .
Selecting from fluid unmixing, fluid inclusion reequilibration, and/or fluid/marble interaction as the sole process causing formation of inclusion types I, II, and IIIa is difficult. However, it should be noted that all of these processes may have been operating contemporaneously within one evolving hydrothermal event during a prolonged and progressive extensional deformation episode, and that it was triggered by depressurization due to uplift and extensional core complex exhumation (e.g., Vityk and Bodnar, 1995; Marshall et al., 2000; Kilias, 2001 , and references therein). Consequently, the fluid inclusion data, in conjunction with geologic, structural, and quartz textures permit the interpretation that fluid trapping and gold mineralization at Asimotrypes was syndeformational, and took place during depressurization and uplift as a result of exhumation of the Southern Rhodope Core Complex.
If inclusion types I, II, and IIIa are considered to have been trapped during mineralization as immiscible fluids, then measured T h represents temperatures of immiscibility and maximum trapping temperatures, but only if derived from fluid inclusions that have been carefully selected as having been least influenced by reequilibration and/or leakage (Ramboz et al., 1982; Uemoto et al., 2002; Zoheir et al., 2008) . Thus, trapping temperatures are interpreted to be ~270°C, because such T h has been measured in type II inclusions which show the least amount of scatter, with the same interpretation applicable to T h CO2 values (hence, CO 2 -phase density) (~27.5°C, Fig. 13C ) for the same fluid inclusion assemblage. These latter fluid inclusions are considered to have been the least influenced by deformation (Roedder, 1984; Zoheir et al., 2008) . This trapping temperature interpretation is supported by quartz-muscovite pairs, with textures indicating coprecipitation, that have ∆ 18 O values of 6.0 and 6.1 per mil, yielding equilibrium isotopic temperatures of 262°to 268°C, which are very close to the average homogenization temperatures of fluid inclusions in auriferous quartz (T h = 270°C, Fig. 13E , Table 2 ). Moreover, because such type II fluid inclusions are spatially related to gold-bearing sulfide minerals in primary settings at Asimotrypes, their trapping temperatures of ~270°C also represent maximum refractory gold mineralization temperatures. Isochoric calculations for these inclusions show that maximum pressure of trapping and hence minimum pressure of phase separation was ~1.8 to 2 kbars (Fig. 15) consistent with a depth between 6 and 9 km under lithostatic load, or an unlikely >15 km under hydrostatic load.
Evidence from stable isotopes and origin of fluids
Auriferous quartz from Asimotrypes has a narrow range of high δ 18 O values (20.8-22.6‰). The calculated δ 18 O water values range from 11.9 to 13.7 per mil at 250°C, and 13.9 and 15.7 per mil at 300°C (Matsuhisa et al., 1979) . The δD water values of fluid inclusion water in auriferous quartz range between -125 and -105 per mil. These values overlap with the δD water values of present-day high altitude local meteoric waters (δ 18 O = −19.6‰; δD = -131.7‰; Dotsika et al., 2010) , strongly suggesting that the hydrothermal fluids trapped in the fluid inclusions from auriferous quartz in Asimotrypes were meteoric in origin (e.g., Taylor, 1979) . Such very low hydrogen isotope composition of fluid inclusion water (δD (fluid inclusion water) = -135 to -120‰) obtained from Eocene mylonitic quartzite from deep-seated extensional detachment shear zones of the North American Cordillera, is compatible meteoric waters that infiltrated the ductile segment of the detachment during extensional deformation and exhumation. Moreover, these low meteoric hydrogen isotope values indicate water origin at high elevations (~3,500−4,500 m; . In the Greek Rhodope, the occurrence of high paleoelevations at 42 Ma are implied by thermobarometric calculations of amphibolitized eclogites showing P-T conditions of 15 kbars and >800°C, respectively (Baziotis et al., 2008) , suggesting considerable thick crust (55−60 km) and hence high altitudes before orogen collapse and core complex formation. Figure 16 shows measured and calculated fluid compositions from Asimotrypes gold mineralization on a conventional hydrogen versus oxygen isotope diagram. The paired δ 18 O water and δD water values plot outside both magmatic and metamorphic water boxes, and are indeed consistent with hydrothermal fluids of meteoric water or evolved meteoric water origin that were shifted from the meteoric water line. These isotopic shifts coupled by the narrow range of δ 18 O water values (11.9 -15.7‰; 250°-300°C) and the wider range of δD water values (-105 to -125‰), are compatible with low volumes of D-depleted hydrothermal fluids of meteoric origin that exchanged with a large reservoir of relatively 18 O-enriched metasedimentary host rocks (Taylor, 1979; Barker et al., 2000; Nutt and Hofstra, 2003) . In order to identify whether or not the oxygen and hydrogen water values in our auriferous samples are proof of compositions produced by isotopic exchange of local meteoric water with oxygen and hydrogen in marble country rock, we have modeled the effects of such isotope exchange between meteoric water and Transitional unit marble as a function of water/rock ratio and temperature.
MARBLE-HOSTED SUBMICROSCOPIC GOLD AT ASIMOTRYPES, SOUTHERN RHODOPE CORE COMPLEX, GREECE
The δ 18 O and δ 13 C values of calcite from marble country rock not spatially related to mineralization are closely grouped, with a range of 28.1 to 30.9 per mil (median 29.3 ± 0.9‰ [1σ; n = 10]), and 1.9 and 2.9 per mil (median 2.5 ± 0.3‰), respectively. These values are undepleted in relation to typical marine carbonates (Veizer and Hoefs, 1976; Veizer et al., 1999) , and are comparable to the reported values for calcite marbles of other parts of the Southern Rhodope Core Complex (Boulvais et al., 2007) . This similarity suggests that the marbles were not significantly changed during metamorphism, but largely retained their original δ 18 O, δ 13 C, and highly possibly δD isotopic values of the impure limestone protolith. The hydrogen and oxygen isotope composition of water was calculated using the mass balance equations of Field and Fifarek (1985) , expressed as follows: (Sheppard, 1986) , and Greek present-day meteoric waters (Dotsika et al., 2010) . Water /rock ratio calculations were conducted for final auriferous water isotope compositions using possible marble and starting meteoric water compositions and possible ranges of water/rock ratios, following the method of Field and Fifarek (1985) .
reproduce the consequences of water-rock interaction on isotope exchange in the deeper parts of the hydrothermal system (Faure et al., 2002 ):
• Water contains 88.8 wt percent oxygen (Field and Fifarek, 1985) .
• Water contains 11.2 wt percent hydrogen (Field and Fifarek, 1985) .
• Marble contains 50 wt percent oxygen, therefore CO i water /CO i rock = 88.8/50 = 1.62.
• Marble contains 0.28 wt percent hydrogen, therefore CH i water / CH i rock = 11.2/ 0.28 = 40.
• The measured δ 18 O values of the unaltered Transitional unit marbles range between 28.1 and 30.9 per mil (median 29.3 ± 0.9‰; Table 4 ), δ 18 O rock = 29.3 per mil.
• A δD rock = -60‰ value of the unaltered Transitional unit marbles was used, based on the assumption that these rocks had initial hydrogen isotope composition similar to "impure" sedimentary rocks that contain subequal amounts of siliciclastic and carbonate components (Field and Fifarek, 1985) .
• The isotopic composition of present-day, high-altitude meteoric water has been used as an approximation of local Tertiary meteoric water, therefore δ 18 O i water = -19.6‰; δD iwater = -131.7 per mil (Dotsika et al., 2010 ) ∆ 18 O rock-water was assumed to be similar to those of calcite-H 2 O (Zheng, 1999; Hu and Clayton, 2003) . ∆D rock-water was assumed to be similar to those of muscovite-H 2 O (Suzuoki and Epstein, 1976) , and are calculated as follows for various temperatures: ∆ 18 O calcitewater = 5.79(4.35) at 300°C, and 9.77(7.21) at 200°C; ∆D muscovite-water = -48.17 at 300°C, and -79.61 at 200°C (Zheng, 1999 ; values in parentheses are from Hu and Clayton, 2003) .
The results depicted in Figure 16 indicate that the high fluid δ 18 O values (11.9−13.7‰ at 250°C, and 13.9−15.7‰ at 300°C), as calculated from quartz, could have been produced exclusively by water-rock interactions between heated meteoric water and the Transitional unit marbles, at low water/rock ratio. Therefore, the δ 18 O and δD data from Asimotrypes indicate that the marble interaction is key in shaping the isotope composition of the hydrothermal fluids that were meteoric in origin. A deep meteoric infiltration interpretation of our data is supported by the regional geologic setting of the Asimotrypes gold mineralization that corresponds to a detachment system that controls rock uplift during late-orogenic extension in actively extending regions, which is known to be pathway for meteoric water fluids (e.g., Fricke et al., 1992; Mulch et al., 2004) . Deep circulation of meteoric water is also compatible with the widespread precipitation of quartz associated with mineralization at Asimotrypes (Emsbo et al., 2003) .
Arsenopyrite and pyrite have overlapping δ 34 S values within a narrow range between 2.2 and 3.1 per mil. The δ 34 S values calculated for H 2 S in equilibrium with pyrite for temperatures of 250°to 300°C are consistent at 1.1 ± 0.3 per mil. This narrow range, the absence of barite, and the Au-As-AgSb geochemical signature indicate that H 2 S was the dominant sulfur species in the mineralizing fluid and sulfide complexing of the metals. Sulfur isotope (δ 34 S) compositions in the -1 to +5 per mil range are typical of a magmatic source, or may reflect sulfur assimilated from country rocks (e.g., Ohmoto and Goldhaber, 1997) . The δ 34 S values of marble-hosted base metal-sulfide gold deposits associated with detachment faulting and metamorphic core complexes in the Bulgarian Rhodope (i.e., Madan-mean δ 34 S value of 4.4‰; Laki-mean δ 34 S value of 5.4‰) overlap with those at Asimotrypes (data from Rice et al., 2007) . Also, Asimotrypes is hosted by a rock sequence that contains abundant Paleozoic marine metasediments which likely have a considerable range of sulfur isotope composition. On the basis of these data alone, it is not possible to determine if Asimotrypes sulfur is magmatic or incorporated from metasediment host rocks. However, based on the geologic setting and the postmagmatic timing of mineralization, it is suggested that Asimotrypes sulfide mineralization may have integrated sulfur through leaching from metamorphic rocks of the host core complex, and magmatic rocks through fluid/rock interaction. With the available data, it can only be postulated that the source of gold is in the host sequence that consists of abundant Paleozoic marine metasedimentary (marble and mica schist), and interlayered mafic metavolcanic rocks (amphibolite). This is corroborated by homogeneous Pb isotope data of sulfide minerals from marblehosted base metal-sulfide-gold deposits from the Greek Rhodope which fall within the ratios for the metamorphic core-complex rocks (Vavelidis et al., 1985; Chalkias and Vavelidis, 1988; Kalogeropoulos et al., 1989; Changkakoti et al., 1990; Amov et al., 1991; Frei, 1995; Marchev et al., 2005) .
Precipitation of gold
Because primary gold occurs exclusively as submicrocopic gold in arsenopyrite and arsenian pyrite, it may be suggested that one distinct procedure controlled gold precipitation in Asimotrypes (Cline et al., 2005) . Based on the geologic, mineralogical, and geochemical data shown here, possible goldprecipitating processes involve cooling, boiling, and fluidrock reaction, including processes such as carbonate dissolution, silicate alteration, sulfidation (i.e., addition of sulfur) of Fe-bearing rocks and/or arsenopyritization-pyritization of the mineralized rocks (i.e., introduction of Fe, As, and S) (e.g., Hofstra, 1994; Stenger et al., 1998) . Because gold occurs in arsenopyrite and arsenian pyrite in replaced wall rocks and open space deposition of these sulfide minerals has not been observed, it is suggested that fluid-rock interaction has been key to gold deposition (Muntean et al., 2011) . The presence of CO 2 in the mineralizing fluids, in conjunction with evidence for reaction of gold-bearing fluid with marbles that dominate the core complex, may have assisted most favorable hydrothermal transport of gold from source to the site of mineralization (Heinrich, 2005) . Carbon dioxide dissolved in the ore fluid may buffer such fluids at near neutral pH conditions where elevated Au concentrations and Au undersaturation could be maintained by complexation with reduced sulfur at any temperature (Heinrich, 2005) . Moreover, the key to Au deposition is stabilization of the gold-hosting minerals, compared to a process that favors mineralization of elemental gold or electrum (see also Kesler, 2004) . Sulfidation of Febearing marble wall rocks and/or introduction of arsenopyrite/pyrite as important gold-depositing mechanism(s) in Asimotrypes are supported by the positive correlation in gold versus As + S/Fe plots for mineralized samples (Hofstra, 1994) (Fig. 17) . Sulfidation of Fe-bearing wall rocks can account for refractory gold mineralization, with Fe concentrations between 0.5 and 2 wt percent (Hofstra, 1994) , which are higher compared to the analyzed values in relatively unaltered Transitional unit marble (Fe = 0.03 to 0.77 wt %; App.). Moreover, mineralized samples contain statistically significant higher iron and sulfur compared to country rock outside the mineralized zone, indicating that these increased values are the result of addition of both sulfur and iron to these rocks (App.). Consequently, our preferred interpretation is that gold was precipitated from an H 2 S-rich ore fluid undersaturated in metallic gold when the host sulfide minerals were stabilized as a result mainly of the addition of pyrite (pyritization), rather than by direct sulfidation of marble wall rock.
Comparisons with existing gold metallogenic models
The classification of the Asimotrypes mineralization into existing Au metallogenic models is not clear cut. Many of the Asimotrypes characteristic features contrast with those of carbonate-hosted replacement mineralization-for example, direct connection to igneous activity in a subduction-related continental back-arc environment and high formation temperatures (>300°-680°C; mostly 300°-400°C) (e.g., Gilg, 1996; Megaw, 1998) . In addition, despite some geologic and geochemical resemblances, Asimotrypes cannot be classified as an orogenic gold mineralization because the latter takes place within an evolving compressional to transpressional orogen from fluids connected to major mantle-crustal devolatilization, magmatism, and deformation (e.g., Groves et al., 2003; Goldfarb et al., 2005) . The Asimotrypes gold mineralization has a tectonic and structural setting in common with mineralization genetically associated with extensional structures and metamorphic core complexes, even though there are important differences in terms of host rocks, alteration mineralogy, and metal inventory (Beaudoin et al., 1991 (Beaudoin et al., , 1992 Losh et al., 2005; Seidel et al., 2005; Gilg et al., 2006; Moritz et al., 2006) . In particular, a comparison of Asimotrypes with the Eocene Muteh Au deposit, Iran, and the Tertiary Eastern Rhodopian sedimentary rock-hosted gold deposits, Bulgaria, discloses a good deal of common characteristics, principally a linkage to late Cenozoic extensional tectonism and core complex exhumation, lithological control by carbonate-rich rocks, structural control by interactive ductilethen-brittle extensional deformation, mineralizing processes dependent on fluid/wall-rock reactions, and the Au-Ag-As (±base metals) geochemical signatures (Marchev et al., 2005; Moritz et al., 2006 , Marton et al., 2007 , 2010 Noverraz et al., 2007) .
Concluding Remarks: A Potentially New Gold Mineralization Style for the Rhodope Region
The Asimotrypes gold mineralization is hosted by marbles of the Southern Rhodope Core Complex, which is the largest core complex in the Aegean region and probably one of the largest worldwide. Asimotrypes gold mineralization was controlled by interactive deformation, hydrothermal fluid flow, and wall-rock carbonate/ore-fluid reaction processes associated with Eocene northeast-southwest extension of Aegean crust during concurrent decompressive uplift of the Southern Rhodope Core Complex. Hydrothermal fluid pathways and permeability networks were controlled by regional-and localscale extensional structures; such structures within the metamorphic complex, such as steeply dipping northwest-southeastto east-west-trending brittle faults, and top-to-the-southwest ductile marble mylonites, have provided highly permeable and porous conduits which concentrated and guided ore-fluid flow from source into the zones of gold mineralization. Gold ore was deposited along these conduits, but chiefly at their intersections, with favorable host stratigraphic horizons such as structural marble-mica schist contacts, and at the expense of marble. Fluid activity may be related to high heat flow sustained by extension and core complex exhumation. Mineralizing fluids were hot (>300°C), CO 2 -bearing, with sufficient reduced S to transport gold, and variable salinity probably as a result of depressurization-induced unmixing of an initial lowto moderate-salinity fluid, combined with fluid-impure marble reactions. Isotopic studies indicate metamorphic rock equilibrated meteoric mineralizing fluids. Mineralizing fluids silicified, decarbonized, and argillized marble wall rocks, and deposited arsenopyrite and arsenian pyrite containing submicroscopic gold as a result mainly of addition of pyrite (pyritization), than direct sulfidation of marble wall rock. Asimotrypes is marble-hosted extension-and metamorphic core complex exhumation-related submicroscopic gold mineralization, and may represent a potential new gold mineralization style for the Rhodope region. This interpretation of Asimotrypes provides fresh insights on the genesis of the metamorphic core complex-hosted gold mineralizations within the framework of recently developed genetic ideas of hydrothermal gold mineralization, and late orogenic evolution in the Tethyan Eurasian metallogenic belt (Heinrich and Neubauer, 2002; Marchev et al., 2005; Moritz et al., 2006; Marton et al., 2010) . 
APPENDIX
Geochemical Data of Representative and Variably Mineralized Rocks from Asimotrypes
Sample no. As-18
As-22
As-23
As-24
As-26
As-27
As-30
As-50
As-51
As-52
As-54
As-01
As-04
As-05
As-07
As-09
As-12
As-32 As-11
As
As-14
As-16
As-21
As-31
As-37
As-65
As-66
As-67
As-69
As-71
As-72 As-75 As-34A As-35
As-36
As-41
As-61 As-63 As-34B Trace elements (ppm) except Au (ppb) Au 11,000 9,900 6,300 13,300 16,600 1,800 Sample no.
Rock
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As-19
As-44
As-42
As-45
As-56
As-2
As-3
As-13
As-25
As-46
As-20
As-06
As-08
As-10
As-15
As-17
As 
